Abstract. Slip and fall incidences are common in our daily lives. They are not only important environmental safety issues but also important occupational safety and health problems. The purpose of this study was to use the Brungraber Mark II to measure the friction so as to investigate the effects of the shoe sole, surface condition and the inclined angle of the floor and their interactions on friction coefficient. The results of the study showed the effects of all the main factors and their interactions were significant (p<0.001). Engineering designs & ergonomic interventions in slip & fall prevention should take these factors in full consideration.
Introduction
Slips and falls create safety problems on workplaces worldwide [1] [2] [3] . The Health and Safety Executive statistics [4] in the UK revealed that a third of the major occupational incidences were the results of slips or trips. In the USA, the percentage of workers' compensation claim for falling on the same level ranged from 7% to 44% across industry groups [3] . The estimated annual expenditures of falls per employed worker were $300 and $560 US Dollars for the trucking and construction industries. Even the restaurant industry suffered an annual expenditure of $129 US Dollars per worker for falls. In Taiwan, there were 2,274 falling-related injury cases in 2008 which accounted for 17.6% of all occupational injuries [5] . Slips and falls also create burden for people in their daily lives. Official statistics in Taiwan [6] showed that falls resulted in injuries required for hospital visit more than any other incidences for children 12 years old or younger. Falls were also the leading causes of unintentional injuries which required for hospital visit for senior citizens. * Floor slipperiness is a major indicator in quantifying the risk of slips & falls and friction measurement is one of the major approaches to identify floor slipperiness. Footwear, floor, and surface condition may affect the friction on the floor. The purpose of this study was to study the friction at the footwear-floor interface under different footwear materials, floor surfaces and the inclined angles of the floor.
Methods
A Brungraber Mark II slipmeter was used for friction measurements. The standard test method for the BM II proposed by the American Society of Testing and Materials [7] was adopted. In addition, the protocol in judging a slip or non-slip suggested by Chang [8] was used. To conduct friction measurements on an inclined surface, a metal rig to accommodate the Brungraber Mark II was adopted. This rig (see Figure  1 ) allows adjustment of the floor angle ranged from 0 Figure 1 Adjustable ramp for friction measuremnt º to 45 º. Three inclined angles were tested: 0º, 5º, and 10º. Friction measurements were conducted in descending direction.
Three contamination conditions were tested: dry, wet, and glycerol-contaminated conditions. For dry condition, clean dry floor was measured. For wet surface, water of 10 ml was applied on the floor. The same amount of water was replenished during repetitive strike of the footwear pad on the floor. For glycerol contaminated condition, glycerol of 3 ml was applied evenly on the testing area on the floor. The footwear samples included a flat composite rubber pad, a treaded composite rubber pad, a flat Neolite, and a treaded Neolite. The dimensions (mm) of the tread for both the treaded rubber and Neolite pads are shown in Figure 2 . The Shore-A hardness for the composite rubber and the Neolite were 69.14 (s0.09) and 89.51 ( s 0.01), respectively. A ceramic floor sample was used. The floor roughness (R a ), measured using a Mitutoyo ® Surftest 301 profilometer, was 11 (±1.00) μm. A three-factor experiment was designed. The factors of the study included footwear, contamination condition, and floor inclination angle. The dependent variable was the coefficient of friction (COF). Six samples were collected for each treatment. There were a total of 216 trials (4×3×3×6=216). Analysis of variance (ANOVA) was performed. Duncan's multiple range tests were also performed if a factor was found significant at Į=0.05. Statistical analyses were conducted using the SPSS p 14.0 software.
The temperature and humidity during data collection were 21.5°C and 57%, respectively.
Results
The results of the analysis of variance (ANOVA) indicated that all the main factors and all the two-way and three-way interaction effects were statistically significant (p<0.001). For the contamination conditions, the dry floors had significantly (p<0.05) highest mean COF (0.85) among all contamination conditions. The mean COF of the wet condition was the next (0.44) and the glycerol condition had the lowest (0.08). For footwear samples, the flat composite had the significant (p<0.05) highest COF (0.5), next was the treaded Neolite (0.49), the next was the treaded composite rubber (0.43), and the last was the flat Neolite (0.41). For the inclination angle, the overall mean COF for the 0r, 5r, and 10r were 0.48, 0.46, and 0.43, respectively. On dry floor, the mean COF for the 0r, 5r, and 10r were 0.87, 0.85, and 0.83, respectively. On wet floor, the mean COF for the 0r, 5r, and 10r were 0.46, 0.46, and 0.40, respectively. On glycerol contaminated floor, mean COF for the 0r, 5r, and 10r were 0.11, 0.08, and 0.04, respectively. Table 1 shows the Duncan's multiple range test results for footwear. The flat rubber has significantly (p<0.05) the highest COF than all other footwear pads, next with the treaded Neolite, then the treaded rubber, and finally the flat Neolite. Table 2 shows the Duncan's multiple range test results for surface condition. The dry surface has significantly (p<0.05) the highest COF than all other conditions, next with the wet condition, and finally the glycerol contaminated condition.
unit: mm Table 3 shows the Duncan's multiple range test results for inclined angle of the floor. The flat floor (0r) has significantly (p<0.05) the highest COF than all other inclined angle, next with the 5r, and finally the 10r inclined angle. 
Conclusion
Friction measurements were conducted under footwear, surface condition, and inclination condition of floor. The results of the study indicated that footwear sample, floor contamination condition, and inclination condition were all significant factors affecting the COF. The results were consistent with the findings in the literature [9] [10] [11] . Selection and design of shoe sole is important in the prevention of slipping & falling. In addition, large ramp angle could lead to higher risk of slips & falls. Keeping the floor dry and have a good housekeeping are always helpful in the prevention of slipping & falling.
